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Scheme 4. Resolution by salt formation.

conformational differences at the N-substituent, as well as the
interactions at the S, pocket, explain the discrepancy in the inhib-
itory activity between (4aR,8aS) and (4aS,8aR) decahydroisoquino-
lin inhibitors (41 vs 44).

3. Conclusion

A novel non-peptide inhibitor based on the interactions at the
S; and S, sites of SARS 3CLP™ was designed and synthesized. Focus-
ing on cleavage site interaction at the S; site and hydrophobic
interaction at the S, site, a decahydroisoquinolin scaffold was
designed. Using a cyclohexene enantiomer obtained by salt resolu-
tion using chiral amine, the trans-decahydroisoquinolin derivative
was synthesized as an enantiomer. Several analogs containing dif-
ferent N-substituents were also prepared similarly. All decahydro-
isoquinolin inhibitors showed moderate but clear inhibitory
activities for SARS 3CLP™, which confirmed that the fused ring
structure of the decahydroisoquinolin scaffold functions as an
inhibitor for SARS 3CLP™, By X-ray crystallographic studies, it
was confirmed that the decahydroisoquinolin inhibitors were at
the active site cleft of 3CLP™, as observed in the highly potent pep-
tide-aldehyde inhibitor. The decahydroisoquinolin scaffold was
inserted into a large S, pocket and occupied most of the pocket.
The P, site imidazole was inserted into the S; pocket as expected.
These interactions were effective to hold the terminal aldehyde

tightly inside the active site cleft, which resulted in the compact
fitting of the novel scaffold to 3CLP™. The acyl substituent on the
nitrogen in the decahydroisoquinolin scaffold was at the surface
of the 3CLP™, where additional interactions with the 3CLP™ may
be possible. Evaluations on the analogs focusing on the interactions
at the N-substituent are now underway.

4. Experimental
4.1. General

All solvents were of reagent grade. THF was distilled from
sodium and benzophenone ketyl. CH,Cl, was distilled from CaH..
All commercial reagents were of the highest purity available. Ana-
lytical TLC was performed on silica gel (60 F-254, 0.25 mm Plates).
Column chromatography was carried out on Wakogel C-200E (par-
ticle size, 75-150 um) or Wakogel FC-40 (particle size, 20-40 pm).
'H NMR spectra were recorded in CDCl; (unless otherwise stated)
on agilent UNITY INOVA 400 NB, JEOL JNM-ECS 400, Bruker AM-
300, or JEOL JNM-LA 500 spectrometers. Chemical shifts are
expressed in ppm relative to tetramethylsilane (0 ppm) or CHCl;
(7.28 ppm). The coupling constants are given in Hz. '*C NMR spec-
tra were recorded on the same spectrometers at 100 or 125 MHz,
using the central resonance of CDCl; (6¢c 77.0 ppm) as the internal
reference unless otherwise stated. High-resolution mass spectra
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Scheme 5. Construction of the decahydroisoquinolin scaffold starting from the separated enantiomer. Reagents: (a) (1) IBCF/NaBH,, (2) TBDPS-Cl/imidazole, (3) H,/Pd-C/sat.
NaHCOj aq.; (b) (1) PCC, (2) (EtO),P(0)CH,COOEt/NaH, (3) DIBALH, (4) Ac,0/pyridine/DMAP; (c) (1) TBAF, (2) (Et0),P(0O)N3/DIAD/PPhs, (3) LAH, (4) 4-phenylbenzoic acid or 4-
bromobenzoic acid/HBTU/DIPEA; (d) (CH3CN),PdCly; (e) (1) K20s02(0H)a/NalQy, (2) H-His(Trt)-N(OCH3)CH3/NaBH;CN; (f) (1) TFA, (2) DIBALH.

(HRMS) were obtained on a JMS-HX-110A (FAB), and Shimadzu
LCMS-IT-TOF (ESI). Low-resolution mass spectra (LRMS) were
obtained on a Shimadzu LCMS-2010EV (ESI). Optical rotations
were determined with a HORIBA SEPA-300 polarimeter. Prepara-
tive HPLC was performed using a COSMOSIL 5C18-ARIl column
(20 x 250 mm) with a linear gradient of CH3CN in 0.1% aqueous
TFA at a flow rate of 5.0 mL/min on a HITACHI LaChrom system
(0D, 254 nm). For analytical HPLC, unless otherwise noted, a COS-
MOSIL 5C18-ARIl column (4.6 x 150 mm) was employed with a
linear gradient of CHsCN in 0.1% aqueous TFA at a flow rate of
0.9 mL/min on a HITACHI LaChrom system (OD, 254 nm). The pur-
ity of the test compounds was determined by analytical HPLC. All
test compounds showed >95% purity.

4.1.1. (1S/R,6R/S)-Ethyl 6-[2-(benzyloxy)ethyl]cyclohex-3-
enecarboxylate 7

To a solution of 1,3-butadiene (20 wt¥% solution in hexane,
17 mL, 40 mmol) was added ester 6 (2.34 g, 10.0 mmol), heated
at 250 °C for 60 h. After the reaction mixture was cooled to room
temperature, water was added and the whole was extracted with
AcOEt. The organic layer was washed with 1 M HCI and brine, dried
over MgSOy, filtered, and concentrated. The residue was purified by
silica gel column chromatography (hexane/AcOEt =30:1) to give 7
(1.87 g, 65%) as a yellow pale oil. '"H NMR (400 MHz): 6 = 7.36-7.31

(m, 4H), 7.29-7.26 (m, 1H), 5.64 (m, 2H), 4.51 (d, J = 11.6 Hz, 1H),
446 (d, J=12.0Hz, 1H), 4.14 (q, J=7.2 Hz, 2H), 3.54-3.50 (m,
2H), 2.41-2.35 (m, 1H), 2.31-2.20 (m, 3H), 2.09-2.04 (m, 1H),
1.84-1.73 (m, 2H), 1.54-1.45 (m, 1H), 1.25 (t, J = 7.2 Hz, 3H); 13C
NMR (100 MHz): 6=175.8, 1385, 128.3, 127.6, 127.5, 125.7,
124.7, 72.8, 67.9, 60.2, 45.3, 33.7, 32.4, 29.9, 28.0, 14.2; HRMS
(EI caled for CigH,405 [M]*: 288.1725. Found: 288.1722.

4.1.2. {(1S/R,6R/S)-6-[2-(Benzyloxy)ethyl]cyclohex-3-en-1-
yl}methanol

To a suspension of LiAlH, (387 mg, 10.2 mmol) in ether (30 mL)
was added 7 (1.47 g, 5.12 mmol) at 0°C. After being stirred for
15 min at 0 °C, the reaction was quenched with H,0. The mixture
was warmed to room temperature and filtered through Celite
and a silica gel layer, and the filtrate was concentrated. The residue
was purified by silica gel column chromatography (hexane/
AcOEt = 1:1) to give a title alcohol (1.25 g, quant.) as a colorless
oil. "H NMR (400 MHz): 6 =7.37-7.32 (m, 4H), 7.30-7.26 (m, 1H),
5.65-5.57 (m, 2H), 4.51 (s, 2H), 3.66 (dd, J=10.8, 6.0 Hz, 1H),
3.62-3.48 (m, 3H), 2.14-2.09 (m, 2H), 2.01-1.75 (m, 5H), 1.66-
1.59 (m, 1H), 1.55-1.48 (m, 1H); '3C NMR (100 MHz): & =138.3,
128.4, 127.7, 127.6, 125.8, 125.5, 73.1, 68.5, 65.0, 39.7, 32.9, 31.0,
29.5, 26.7; HRMS (EI) calcd for CygH220, [M]*: 246.1620. Found:
246.1618.
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Table 1
Inhibitory activities of the decahydroisoquinolin derivatives
NH NH
[ 2 |2
N
o]
H 1 H 1 [/
8a 8a R
decahydroisoquinolin inhibitor
R ICso
(35,4aR,8a8) (3R4aS,8aR)
40 44
108 uM 240 uM
; S
=
46
135 uM
47
135 uM
C
oz
48
68 UM
41 45
63 pM 175 pM
Br
49
57 uM
F

4.1.3. ({(1S/R,6R/S)-6-[2-(Benzyloxy)ethyl|cyclohex-3-en-1-
yl}methoxy)(tert-butyl)diphenylsilane 8

TBDPS-Cl (3.6 mL, 13.1 mmol) was added to a solution of the
above alcohol (2.92g, 11.9mmol) and imidazole (1.21g,
17.8 mmol) in CH,Cl, (30 mL) and the mixture was stirred for
16 h. The reaction was quenched with saturated aqueous NH,C],
and the whole was extracted with AcOEt. The organic layer was
washed with brine, dried over Na,SO,, filtered, and concentrated.
The residue was purified by silica gel column chromatography
(hexane/AcOEt = 20:1) to give 8 (5.76 g, quant.) as a colorless oil.
'H NMR (400 MHz): 6 = 7.67-7.65 (m, 4H), 7.43-7.30 (m, 10H),
7.28 (m, 1H), 5.63-5.54 (m, 2H), 4.49 (d, J = 12.0 Hz, 1H), 4.45 (d,
J=12.0Hz, 1H), 3.68 (dd, J=10.0, 5.2 Hz, 1H), 3.62 (dd, J=9.8,
7.0 Hz, 1H,), 3.54~3.45 (m, 2H), 2.17-2.06 (m, 2H), 2.02-1.95, (m,
1H), 1.87-1.80 (m, 2H), 1.73-1.67 (m, 2H), 1.51-1.42 (m, 1H),
1.05 (s, 9H): 3C NMR (100 MHz): §=138.6, 135.62, 135.61,
133.98, 133.95, 129.5, 128.3, 127.58, 127.56, 127.4, 125.8, 1254,
72.9, 68.6, 65.9, 39.6, 32.9, 30.9, 29.1, 26.9, 26.7, 19.3; HRMS
(FAB) calcd for CspH410,Si [M+H]*: 485.2876. Found: 485.2870.

4.1.4. 2-[(1R/S,6S/R)-6-{[(tert-Butyldiphenylsilyl)oxy]methyl}-
cyclohexyl]ethanol

To a solution of 8 (3.40 g, 7.01 mmol) in CH30H/AcOEt/CH,Cl,
(10:10:1, 21 mL) Pd(OH),-C (610 mg) was added and stirred under
a hydrogen gas atmosphere at room temperature for 12 h. The mix-
ture was filtered through Celite and a silica gel layer, and the fil-
trate was dried over Na,SO,, filtered, and concentrated. The
residue was purified by silica gel column chromatography (hex-
ane/AcOEt = 3:1) to give a title alcohol (2.78 g, quant.) as a color-
less oil. "H NMR (400 MHz): 6 = 7.68-7.65 (m, 4H), 7.45-7.36 (m,
6H), 3.68-3.54 (m, 4H), 1.78-1.66 (m, 5H), 1.37-1.18 (m, 7H),
1.06 (s, 9H), 1.01-0.96 (m, 1H); 3C NMR (100 MHz): 6 = 135.69,
135.66, 133.92, 133.90, 129.55, 129.54, 127.60, 127.57, 66.6, 61.1,
445, 36.5, 35.5, 31.9, 30.0, 26.9, 26.1, 26.0, 19.3; HRMS (FAB) calcd
for Cy5H370,Si [M+H]": 397.2563. Found: 397.2569.

Table 2

Data collection and refinement statistics for the R1881 SARS 3CL protease in complexes with compounds 40, 41, and 44
PDB ID 4TWY 4TWW 4WY3

In complex with 40 In complex with 41 In complex with 44

Space group C121 P1 C121
Unit cell parameters
Length a 107.83 54.89 108.11
Length b 82.128 59.52 81.82
Length ¢ 53.271 68.40 53.24
Angle o 90 93.11 90
Angle g 104.98 102.82 104.69
Angle y 90 107.30 90
Resolution 1.60 242 1.89
Observations
Unique observations 57,490 31,213 49,270
Redundancy 4.2 1.75 4.1
Completeness 88.6 94.3 93.2
Mean I/o (1) 2.18 (at 1.60 A) 9.96 (at 2.42 A) 249 (at 1.89 A)
R merge 0.08 0.05 0.07
Refinement
Resolution range 25.3-1.60 66.1-2.42 30.6-1.89
Reryst 0.29 0.23 0.27
Riree 032 0.26 0.30
RMSZ from ideal
Bond length (A) 0.93 0.73 0.86
Bond angle (°) 0.96 0.86 0.90
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(i) 41 in complex with R188] SARS 3CLP™®

(PDB code 4TWW)

(i) Inhibitor 1 in complex with R188| SARS 3CLP™®

(PDB code 4ATW)

Figure 2. (i) X-ray structure of the inhibitor 41 in complex with R1881 SARS 3CLP™ (PDB code 4TWW) and molecular graphics image around the Py and P, sites. (ii) X-ray
structure of the inhibitor 1 in complex with R1881 SARS 3CLP™ (Ref. 13; PDB code 4ATW) and molecular graphics image around the P; and P, sites.

(i) active center and P, site (ii) Pysite

Glu166

Figure 3. (i) Interactions of the inhibitor 41 with R1881 SARS 3CLP™ at the active
center and P, site. (ii) Interactions at the P,site.

(i) overall structure

(i} interactions at P, site

(4aR,8a8)-decahydroisoquinolin 40

4.1.5. (E)-Ethyl 4-[(1R/S,2S/R)-2-{[(tert-butyldipheny-
Isilyl)oxymethyl}cyclohex-1-yl]but-2-enoate 9

To a solution of PCC (3.45 g, 16.0 mmol) and Celite (3.5 g) in
CH,Cl, (20 mL), above alcohol (2.50 g, 6.30 mmol) was added at
0°C. The temperature was gradually raised to room temperature.
After being stirred for 6h, the reaction mixture was filtered
through a silica gel layer and the filtrate was concentrated. This
compound was immediately used for the next step without purifi-
cation. Triethylphosphonoacetate (1.5 mlL, 7.7 mmol) was added to
a suspension of NaH [60% in mineral oil (308 mg, 7.70 mmol)] in
THF (10 mL) at —20°C under an argon gas atmosphere and the
mixture was stirred for 0.5 h. The oxidized product was added
drop-wise to the reaction mixture and stirred for 1.5 h at ~20°C.
The reaction was quenched with saturated aqueous NH4Cl, and
the whole was extracted with AcOEt. The organic layer was washed
with brine, dried over Na,SO,, filtered, and concentrated. The res-
idue was purified by silica gel column chromatography (hexane/
AcOEt = 20:1) to give 9 (2.70 g, 92%, 2 steps) as a colorless oil. 'H

Figure 4. (i) X-ray structures of R1881 SARS 3CLP™ in complex with (4aR/8aS)-N-4-phenylbenzoyl decahydroisoquinolin inhibitor 40 (PDB code 4TWY) and (4aS/8aR)-N-4-
phenylbenzoyl decahydroisoquinolin inhibitor 44 (PDB code 4WY3). (ii) Interactions of 40 and 44 at the P, site.
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NMR (400 MHz): 6=7.67-7.64 (m, 4H) 7.45-7.36 (m, 6H), 6.91
(ddd, J=15.4, 8.8, 6.4Hz, 1H), 572 (d, J=15.6Hz, 1H), 4.18
(g, J=7.1Hz, 2H), 3.63-3.57 (m, 2H), 2.38-2.32 (m, 1H), 1.97
(td, J=14.8, 8.1 Hz, 1H), 1.79-1.76 (m, 1H), 1.71-1.69 (m, 4H),
1.54-1.49 (m, 1H), 1.32-1.18 (m, 4H), 1.29 (t, = 7.2 Hz, 3H), 1.05
(s, 9H), 1.03-0.97 (m, 1H); '*C NMR (100 MHz): § = 166.6, 148.2,
135.62, 135.61, 133.82, 133.80, 129.59, 129.55, 127.62, 127.59,
122.4, 66.2, 60.1, 43.9, 37.8, 364, 31.9, 30.0, 26.9, 26.1, 26.0,
19.3, 14.3; HRMS (FAB) calcd for CogHgqoNaOsSi [M+Na]*:
487.2644. Found: 487.2651.

4.1.6. (E)-4-[(1R/S,2S/R)-2-{[(tert-Butyldiphenylsilyl)oxy]-
methyl}cyclohexyl]but-2-en-1-ol

To a solution of 9(1.92 g, 4.13 mmol) in CH,Cl, (20 mL), DIBALH
(1.0 mol/L solution in hexane, 12.4 mL, 12.4 mmol) was added at
—78 °C. After being stirred for 15 min at the same temperature,
the reaction was quenched with CHs;OH (5.0 mL). The mixture
was warmed to room temperature, and filtered through Celite
and a silica gel layer. The filtrate was dried over Na,SO,, filtered,
and concentrated. The residue was purified by silica gel column
chromatography (hexane/AcOEt=1:1) to give a title alcohol
(1.74 g, quant.) as a colorless oil. "H NMR (400 MHz): 6= 7.68-
7.65 (m, 4H), 7.44-7.36 (m, 6H), 5.64-5.48 (m, 2H), 4.04 (d,
J=6.0Hz, 2H), 3.66 (dd, J=10.0, 2.8 Hz, 1H), 3.58 (dd, J=9.8,
5.4 Hz, 1H), 2.23-2.17 (m, 1H), 1.87-1.79 (m, 2H), 1.72-1.69 (m,
3H), 1.43-1.32 (m, 1H), 1.30-1.18 (m, 4H), 1.05 (s, 9H), 1.01-0.94
(m, 1H); '*C NMR (100 MHz): 6 = 135.64, 135.63, 134.0, 131.6,
130.2, 129.52, 129.50, 127.58, 127.55, 66.3, 63.8, 43.9, 38.1, 36.2,
31.7,30.0, 26.9, 26.2, 26.1, 19.4; HRMS (FAB) calcd for Cy7hsgnaos,si
[M+Nal*: 445.2539. Found: 445.2541.

4.1.7. (E)-4-[(1R/S,2S/R)-2-{[(tert-Butyldiphenylsilyl)oxy]-
methyl}cyclohexyl]but-2-en-1-yl acetate 10

To a solution of above alcohol (1.74 g, 4.11 mmol) in CH,Cl,
(20 mL), pyridine (0.50 mL, 6.2 mmol), acetic anhydride (0.59 mL,
6.19 mmol), and DMAP (50 mg, 0.41 mmol) were added at 0°C.
The mixture was stirred at room temperature for 1 h. The reaction
was quenched with saturated aqueous NH,4Cl. The mixture was
extracted with AcOEt. The organic layer was washed with brine,
dried over Na,SO,, filtered, and concentrated. The residue was
purified by silica gel column chromatography (hexane/
AcOEt = 30:1) to give 10 (1.81 g, 95%) as a colorless oil. "H NMR
(400 MHz): §=7.67-7.64 (m, 4H), 7.44-7.36 (m, 6H), 5.71-5.64
(m, 1H), 5.49-5.42 (m, 1H), 4.47 (d, J=6.4Hz, 2H), 3.65 (dd,
J=9.8, 3.0Hz, 1H), 3.57 (dd, J=10.0, 4.8 Hz, 1H), 2.23-2.18 (m,
1H), 2.05 (s, 3H), 1.87-1.79 (m, 2H), 1.71-1.68 (m, 3H), 1.43-
1.35 (m, 1H), 1.30~1.18 (m, 4H), 1.05 (s, 9H), 1.00-0.94 (m, 1H);
13C NMR (100 MHz): 6=170.9, 135.6, 134.8, 133.94, 133.93,
129.5, 127.6, 125.0, 66.3, 65.3, 43.8, 38.0, 36.3, 31.7, 30.0, 26.9,
262, 26.1, 21.0, 19.3; HRMS (FAB) calcd for ChgHsoNaO;Si
[M+Na]": 487.2644. Found: 487.2642.

4.1.8. (E)-4-[(1R/S,2S/R)-2-(Hydroxymethyl)cyclohexyl]but-2-en-
1-yl acetate

To a solution of 10 (1.81 g, 3.89 mmol) in THF (20 mL), TBAF
[1.0 M solution in THF (7.8 mL, 7.8 mmol)] was added at room tem-
perature. After the mixture was stirred for 12 h, the reaction was
quenched with saturated aqueous NH4Cl and the whole was
extracted with AcOEt. The organic layer was washed with brine,
dried over Na,SO,, filtered, and concentrated. The residue was
purified by silica gel column chromatography (hexane/
AcOEt=6:1) to give a title alcohol (1.03 g, quant.) as a colorless
oil. "TH NMR (400 MHz): 6 = 5.80-5.72 (m, 1H), 5.60-5.53 (m, 1H),
4,51 (d, J=6.4Hz, 2H), 3.69 (dd, J=10.8, 3.2 Hz, 1H), 3.59 (dd,
J=10.8, 5.6 Hz, 1H), 2.33-2.27 (m, 1H), 2.06 (s, 3H), 2.02-1.90
(m, 1H), 1.81-1.79 (m, 1H), 1.74-1.67 (m, 3H), 1.37-1.11 (m,

5H), 1.05-0.95 (m, 1H); *C NMR (100 MHz): §=170.9, 134.5,
125.3,65.7, 65.2,43.8, 38.0, 36,4, 31.7, 29.5, 26.0, 25.8, 21.0; HRMS
(FAB) calcd for C;3H;,Na0; [M+Na]*: 249.1467. Found: 249.1460.

4.1.9. N-({(1S/R,2R/S)-2-[(E)-4-Hydroxybut-2-en-1-
vl]cyclohexyl}methyl)-[1,1'-biphenyl]-4-carboxamide 12

DPPA (2.4 mL, 11 mmol) was added drop-wise to a solution of
above alcohol (1.03 g, 4.56 mmol), triphenylphosphine (2.80g,
10.8 mmol), and DEAD (40% solution in toluene, 4.2 mlL,
10.8 mmol) in THF (10 mL) at 0 °C. The mixture was stirred for
16 h at the same temperature, and then the reaction mixture was
concentrated. The residue was roughly purified by silica gel col-
umn chromatography (hexane/AcOEt =30:1) to give 11. 'TH NMR
(400 MHz): &=5.77-5.69 (m, 1H), 5.62-5.54 (m, 1H), 4.52 (d,
J=6.0Hz, 2H), 3.40 (dd, J=12.0, 3.2 Hz, 1H), 3.25 (dd, J=12.2,
6.2 Hz, 1H), 2.29-2.24 (m, 1H), 2.06 (s, 3H), 2.00-1.91 (m, 1H),
1.80-1.65 (m, 4H), 1.34-1.29 (m, 2H), 1.27-1.11 (m, 3H), 1.05-
0.95 (m, 1H).

The crude 11 was dissolved in ether (10 mL) and added to a sus-
pension of LiAlH, (1.04 g, 27.4 mmol) in ether (10 mL) at 0 °C. The
reaction was quenched with CH3OH and concentrated. The mixture
was stirred for 6 h under reflux. The reaction mixture cooled to
room temperature and then quenched with CH;0H and concen-
trated to give a corresponding amine derivative. 'H NMR
(400 MHz): 6=5.63-5.48 (m, 2H), 3.94-3.92 (m, 2H), 2.81 (dd,
J=126, 3.0Hz, 1H), 243 (dd, J=12.8, 7.6 Hz, 1H), 2.20-2.15 (m,
1H), 1.97-1.86 (m, 1H), 1.79-1.75 (m, 1H), 1.69-1.60 (m, 3H),
1.24-1.09 (m, 5H), 1.05-0.96 (m, 1H).

The residue was used in the next step without purification. The
crude product in CH,Cl, (10 mL) was added to a solution of HBTU
(4.32 g, 11.4 mmol), DIPEA (2.4 mL, 14 mmol), and 4-biphenyl car-
boxylic acid (903 mg, 4.56 mmol) in CH,Cl, (10 mL) at 0°C. The
mixture was stirred for 3 h at room temperature. The reaction
was quenched with saturated aqueous NH,4Cl and extracted with
CH,Cl,. The organic layer was washed with brine and dried over
Na,S0y, filtered, and concentrated. The residue was purified by sil-
ica gel column chromatography (hexane/AcOEt = 1:1) to afford 12
(1.04 g, 63%, 3 steps) as a colorless oil. "TH NMR (400 MHz):
§=7.84-7.82 (m, 2H), 7.67-7.59 (m, 4H), 7.48-7.44 (m, 2H),
7.41-7.37 (m, 1H), 6.28 (br s, 1H), 5.79-5.67 (m, 2H), 4.10 (d,
J=4.4Hz, 2H), 3.78 (ddd, J=13.6, 6.0, 3.6 Hz, 1H), 3.20 (ddd,
J=13.7, 8.1, 5.9 Hz, 1H), 2.32-2.27 (m, 1H), 2.21-2.12 (m, 1H),
1.87-1.84 (m, 1H), 1.74-1.72 (m, 3H), 1.52-141 (m, 1H),
1.32-1.04 (m, 5H): '3C NMR (100 MHz): § = 167.2, 144.2, 140.0,
133.3, 131.2, 130.5, 128.9, 128.0, 127.3, 127.23, 127.17, 63.8,
43.3, 41.1, 39.6, 36.5, 31.9, 30.6, 26.0, 25.7; HRMS (EI) calcd for
Ca4H29NO, [M]*:363.2198. Found: 363.2207.

4.1.10. 4-Bromo-N-({(1S/R,2R/S)-2-[(E)-4-hydroxybut-2-en-1-
yl]cyclohexyl}methyl)benzamide 13

A title compound was similarly prepared from 10 as above. Col-
orless oil; yield 50% (3 steps): '"H NMR (400 MHz): 6 = 7.64-7.61
(m, 2H), 7.58-7.56 (m, 2H), 6.16 (m, 1H), 5.78-5.66 (m, 2H), 4.10
(d, J=4.8 Hz, 2H), 3.76 (ddd, J=13.4, 5.8, 3.8 Hz, 1H), 3.16 (ddd,
J=13.7, 8.1, 5.9 Hz, 1H), 2.29-2.25 (m, 1H), 2.18-2.11 (m, 1H),
1.84-1.80 (m, 1H), 1.73-1.71 (m, 3H), 1.50-1.41 (m, 1H), 1.28-
0.96 (m, 5H); '3C NMR (100 MHz): § = 166.5, 133.5, 131.8, 131.2,
1304, 128.5, 126.0, 63.7, 43.3, 41.0, 39.6, 36.4, 31.9, 30.5, 26.0,
25.7; HRMS (EI) caled for CygH»4BrNO; [M]* 365.0990. Found
365.0996.

4.1.11. (1,1'-Biphenyl)-4-yl{(3S/R,4aR/S,8aS/R)-3-
vinyloctahydroisoquinolin-2(1H)-yl}methanone 14

To a solution of 12 (120 mg, 0.331 mmol) in dry CH,Cl, (1 mL),
(CH3CN),PdCl; (15 mg, 0.056 mmol) was added at 0°C under an
argon gas atmosphere, and the mixture was stirred at the same
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temperature for 4 h. The reaction mixture was filtered and concen-
trated. The residue was purified by silica gel column chromatogra-
phy (hexane/AcOEt = 10:1) to give 14 (100 mg, 88%) as a colorless
oil. "H NMR (400 MHz): é = 7.64-7.58 (m, 4H), 7.49-7.43 (m, 4H),
7.38-7.35 (m, 1H), 5.87 (ddd, J=17.5, 10.7, 3.7 Hz, 0.4H), 5.78
(ddd, J=17.5, 10.7, 3.5 Hz, 0.6H), 5.55 (br s, 0.4H), 531-5.28 (m,
1H), 5.23-5.16 (m, 1H), 4.54 (br s, 0.6H), 4.49 (dd, J=13.2,
4,0 Hz, 0.6H), 3.49 (dd, J=13.0, 3.8 Hz, 0.4H), 2.86 (dd, J=13.2,
11.6 Hz, 0.4H), 2.61 (dd, J=12.8, 11.6 Hz, 0.6H), 1.84-1.52 (m,
5H), 1.47-1.18 (m, 5H), 1.15-1.13 (m, 0.4H), 1.03-0.98 (m, 1H),
0.90-0.84 (m, 0.6H); ™>C NMR (100 MHz): 6 =171.1, 170.4, 142.3,
142.2, 140.3, 137.1, 136.7, 135.4, 128.8, 127.69, 127.66, 1274,
127.1, 126.8, 116.6, 116.1, 57.2, 50.8, 49.7, 43.5, 42.8, 41.9, 37.5,
36.8, 35.9, 32.9, 29.9, 29.7, 26.2, 26.1, 25.8, 25.7; HRMS (EI) calcd
for CaqHp7NO [M]": 345.2093. Found: 345.2090.

4.1.12. (4-Bromophenyl)((35,4aR/S,8aS/R)-3-
vinyloctahydroisoquinolin-2(1H)-yl)methanone 15

A title compound was similarly prepared as above. Colorless oil;
yield 57%: "H NMR (400 MHz): § = 7.56~7.50 (m, 2H), 7.29-7.27
(m, 2H), 5.84 (ddd, J = 17.4, 10.6, 3.8 Hz, 0.4H), 5.74 (ddd, J= 17.5,
10.7, 3.5 Hz, 0.6H), 5.49 (br s, 0.4H), 5.29-5.26 (m, 1H), 5.19-5.10
(m, 1H), 4.44 (dd, J = 13.4, 3.8 Hz, 0.6H), 4.39 (s, 0.6H), 3.33 (dd,
J=13.2, 3.6 Hz, 0.4H), 2.82 (dd, ] = 13.0, 11.8 Hz, 0.4H), 2.57 (dd,
J=13.0, 11.4 Hz, 0.6H), 1.83-1.49 (m, 5H), 1.43-1.19 (m, 5H),
1.13-1.04 (m, 0.4H), 0.99-0.96 (m, 1H), 0.88-0.83 (m, 0.6H); '*C
NMR (100 MHz): §=170.2, 169.6, 136.9, 136.5, 1354, 131.7,
131.6, 128.6, 128.0, 123.7, 123.6, 116.7, 116.2, 57.2, 50.8, 49.6,
435, 42.8, 41.8, 37.5, 36.7, 35.9, 32.8, 29.9, 29.6, 26.1, 26.0, 25.7,
25.6; HRMS (EI) Calcd for CigH2BrNO [M]": 347.0885. Found:
347.0879.

4.1.13. (5)-2-({[(3S4aR,8aS)-2-[(1,1'-Biphenyl)-4-carbonyl]-
decahydroisoquinolin-3-yl]methyl}amino)-N-methoxy-N-
methyl-3-(1-trityl-1H-imidazol-4-yl)propanamide 18

To a solution of K;0s0,(0H)4 (3.1 mg, 0.0083 mmol) and N-
methylmorpholine N-oxide (389 mg, 3.32 mmol), 14 (286 mg,
0.829 mmol) was added in THF/H,0 (3:1, 10 mL). After being stir-
red for 12 h, NalO,4 (710 mg, 3.32 mmol) was added to the mixture.
The resultant mixture was stirred for 30 min. The reaction was
quenched with H,0, and the whole was extracted with AcOEt.
The organic layer was washed with brine, dried over MgS0,, fil-
tered, and concentrated. The residue was roughly purified by silica
gel column chromatography (hexane/AcOEt=3:1) to give 16. 'H
NMR (400 MHz): 6=9.69 (s, 0.75H), 9.65 (s, 0.25H), 7.69-7.54
(m, 5H), 7.49-7.37 (m, 4H), 5.50 (d, ] = 6.4 Hz, 0.75H), 4.62-4.59
(m, 0.25H), 4.44 (d, ] =5.6 Hz, 0.25H), 3.69-3.65 (m, 0.75H), 2.81
(dd, J=13.2, 11.6 Hz, 0.75H), 2.40 (t, J=12.6 Hz, 0.25H), 2.33 (4,
J=13.6 Hz, 0.75H), 2.15 (dd, J=13.6 Hz, 0.25H), 1.74-1.69 (m,
3H), 1.59-1.50 (m, 1H), 1.44-1.41 (m, 1H), 1.25-1.11 (m, 3H),
1.08-0.96 (m, 2H), 0.92-0.76 (m, 1H).

The product was used without further purification. To a solution
of 16 and H-His(Trt)-N(OCH3)CH;s (410 mg, 0.930 mmol) in CH,Cl,
(1 mL), AcOH (0.05 mL, 0.8 mmol) was added. The mixture was
stirred at room temperature for 2 h and then NaBH3;CN (181 mg,
2.88 mmol) was added. The resultant mixture was stirred for
30 min. The reaction was quenched with 1 M HCl and the whole
was extracted with AcOEt. The organic layer was washed with sat-
urated aqueous NaHCO; and brine, dried over Na,SOy, filtered, and
concentrated. The residue was purified by flash column chroma-
tography (CHCl3/CH30H = 25:1) to give 18 and 20.

Compound 18: {80 mg, 13% (50% max.), 3 steps] as a colorless oil.
[o]3® —20 (c 0.48, CHCl3); 'H NMR (400 MHz): § = 7.59-7.53 (m, 4H),
7.47-7.41 (m, 4H), 7.37-7.29 (m, 11H), 7.13-7.09 (m, 6H), 6.62 (mm,
0.6H), 6.56 (m, 0.4H), 4.94 (br s, 0.6H), 4.41 (dd, J=13.0, 3.0 Hz,
0.4H), 4.12-4.11 (m, 0.4H), 3.93 (m, 1H), 3.69 (s, 1.8H), 3.50

(s, 1.2H), 3.44-3.41 (m, 0.6H), 3.14 (s, 1.8H), 3.08 (s, 1.2H), 2.93-
2.84 (m, 2.4H), 2.76-2.66 (m, 2H), 2.46 (t, ] = 12.2 Hz, 0.6H), 1.80-
1.70 (m, 3H), 1.61-1.54 (m, 1H), 1.43-1.17 (m, 6H), 1.08-0.85 (m,
2H); '*C NMR (100 MHz); 6=1754, 175.2, 171.3, 170.5, 142.44,
142.38, 141.88, 141.86, 140.42, 140.35, 138.2, 138.1, 137.6, 137.2,
135.9, 135.7, 129.72, 129.66, 129.3, 128.8, 128.7, 127.91, 127.87,
127.54, 127.46, 127.4, 127.2, 127.1, 127.04, 126.99, 119.3, 115.6,
77.2,75.03,75.02, 61.6, 61.5, 57.8, 57.4, 55.5, 49.5, 48.3, 47.1, 46.6,
43.1, 42.6, 42.1, 36.4, 36.2, 34.4, 33.0, 32.9, 32.6, 32.2, 32.0, 29.9,
29.7, 26.14, 26.05, 25.8, 25.7; HRMS (EI) calcd for CsoHs3N505
[M]": 771,4148. Found: 771.4141,

Compound 20: [75 mg, 12% (50% max.), 3 steps] as a colorless oil.
[a]® +32 (¢ 2.3, CHCly); "H NMR (400 MHz): 6 =7.58-7.24 (m,
19H), 7.13-7.07 (m, 6H), 6.58 (m, 0.4H), 6.55 (m, 0.6H), 5.02-
4,97 (m, 0.4H), 4.46 (dd, [=13.2, 3.6 Hz, 0.6H), 4.13 (br s, 0.4H),
3.95 (m, 1H), 3.65 (s, 1.2H), 3.62-3.58 (m, 0.6H), 3.50 (s, 1.8H),
3.44 (dd, J]=13.4, 34Hz, 04H) 3.14 (s, 1.2H), 3.11 (s, 1.8H),
3.01-2.94 (m, 1H), 2.89-2.81 (m, 2H), 2.65 (dd, J=11.8, 6.6 Hz,
0.4H), 2.52 (dd, ] = 12.0, 6.8 Hz, 0.6H), 2.50-2.44 (m, 0.6H), 2.26-
224 (br s, 1H), 1.71-1.69 (m, 3H), 1.60-1.52 (m, 2H), 1.45-1.16
(m, 5H), 1.07-0.83 (m, 2H); '*C NMR (100 MHz): 6 = 175.6, 175.3,
171.1, 170.8, 142.44, 142.37, 141.9, 141.8, 140.41, 140.39, 138.12,
138.08, 137.5, 137.3, 135.7, 129.72, 129.66, 128.73, 128.68, 127.9,
127.5, 1274, 127.1, 127.05, 127.03, 126.95, 119.5, 119.3, 77.2,
75.0, 61.6, 61.5, 57.7, 57.5, 55.4, 49.3, 48.4, 47.4, 47.2, 43.0, 42.8,
42.0, 36.7, 36.5, 34.6, 33.5, 33.00, 32.96, 32.3, 32.1, 29.9, 29.7,
29.6, 26.2, 26.0, 25.8, 25.7; HRMS (EI) calcd for CsoHs3N505 [M]*:
771.4148. Found: 771.4154,

4.1.14. (S)-2-({[(35,4aR,8aS)-2-(4-Bromobenzoyl)decahydroiso-
quinolin-3-ylJmethyl}amino)-N-methoxy-N-methyl-3-(1-trityl-
1H-imidazol-4-yl)propanamide 19

Compound 19 was similarly synthesized as 18. Colorless oil;
yield 11% (50% max., 3 steps): [o]3® —31 (c 0.83, CHCl3); '"H NMR
(400 MHz): 6 =7.47 (d, ] =8.4 Hz, 1.2H), 7.44 (d, ] = 8.4 Hz, 0.8H),
7.34-7.31 (m, 10.8H), 7.22 (d, J=8.4Hz, 1.2H), 7.12-7.11 (m,
6H), 6.60 (br s, 0.6H), 6.55 (br s, 0.4H), 4.87 (m, 0.6H), 4.37 (dd,
J=13.2, 3.6 Hz, 0.4H), 4.10 (br s, 0.6H), 3.89 (br s, 0.4H), 3.78 (m,
0.6H), 3.64 (s, 1.8H), 3.51 (s, 1.2H), 3.24 (dd, J=13.2, 3.6 Hz,
0.6H), 3.13 (s, 1.8H), 3.11 (s, 1.2H), 2.91-2.80 (m, 2.4H), 2.73-
2.62 (m, 2H), 2.47-2.41 (m, 0.4H), 1.76-1.65 (m, 3.4H), 1.60-1.54
(m, 1.6H), 1.36-1.25 (m, 5H), 1.00-0.82 (m, 2H); '>C NMR
(100 MHz): 6=175.5, 175.1, 1704, 169.7, 142.5, 142.4, 138.3,
138.1, 137.7, 137.2, 135.9, 135.8, 131.52, 131.49, 129.75, 129.72,
128.7, 128.4, 127.94, 127.91, 123.24, 123.21, 119.26, 119.25, 77.2,
75.1, 61.6, 61.5, 57.8, 57.5, 55.6, 49.3, 48.4, 47.1, 46.6, 43.1, 42.6,
42.0, 36.4, 36.2, 34.5, 33.0, 32.9, 32.7, 32.3, 32.0, 29.9, 29.7, 26.1,
26.0, 25.8, 25.7; HRMS (EI) caled for C4qHasBrNsOs [M]*:
773.2941. Found: 773.2948.

4.1.15. (5)-2-({[(3R4aS,8aR)-2-(4-Bromobenzoyl)decahydroiso-
quinolin-3-ylJmethyl}amino)-N-methoxy-N-methyl-3-(1-trityl-
1H-imidazol-4-yl)propanamide 21

Compound 21 was similarly synthesized as 20. Colorless oil;
yield 11% (50% max., 3 steps): [«]&® +4.5 (c 0.42, CHCl3); 'H NMR
(400 MHz): § =7.47-7.43 (m, 2H), 7.37-7.29 (m, 12H), 7.12-7.10
(m, 6H), 6.55 (m, 1H), 4.98-4.95 (m, 0.4H), 4.40 (dd, J=13.2,
3.6 Hz, 0.6H), 4.10 (br s, 0.4H), 3.90 (br s, 0.6H), 3.84~-3.81 (m,
0.6H), 3.64-3.58 (m, 0.4H), 3.63 (s, 1.8H), 3.54 (s, 1.2H), 3.28 (dd,
J=13.2, 3.6 Hz, 0.4H), 3.13 (s, 1.8H), 3.11 (s, 1.2H), 2.98-2.91 (m,
1H), 2.86-2.74 (m, 2.6H), 2.60 (dd, J=11.6, 6.0 Hz, 0.6H), 2.47-
241 (m, 1.4H), 1.72-1.65 (m, 3H), 1.59-1.47 (m, 2H), 1.43-1.12
(m, 5H), 1.04-0.79 (m, 2H); '*C NMR (100 MHz): § = 175.6, 175.2,
170.3, 170.0, 142.42, 142.37, 138.2, 138.1, 137.35, 137.25, 135.70,
135.66, 131.47, 13145, 129.73, 129.70, 128.9, 128.7, 127.93,
127.91, 123.32, 123.26, 119.5, 119.3, 77.2, 75.1, 75.0, 61.5, 57.5,
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574, 55.5, 49.2, 48.4, 47.4, 47.2, 42.9, 42.8, 42.0, 36.6, 36.5, 34.7,
33.6, 33.0, 32.9, 32.3, 32.0, 29.8, 29.6, 26.1, 26.0, 25.8, 25.6; HRMS
(EI) caled for C44HygBrNsO3 [M]: 773.2941. Found: 773.2944.

4.1.16. (S)-2-[({(3S,4aR,8aS)-2-[(1,1'-Biphenyl)-4-
carbonyl]decahydroisoquinolin-3-yl}methyl)amino}-3-(1H-
imidazol-4-y1)-N-methoxy-N-methylpropanamide

TFA/CH,Cl,/TIS/H,0 (10:10:1.0:1.0, 5.5 mL) was added to 18
(40 mg, 0.052 mmol). The mixture was stirred at room tempera-
ture for 4 h. The mixture was concentrated under reduced pres-
sure. The residue was diluted with AcOEt and basified by
saturated aqueous NaHCOs. The whole was extracted with AcOEt
and the organic layer was washed with brine, dried over Na,SO,,
filtered, and concentrated. The residue was purified by silica gel
column chromatography (CHCl3/CH30H =10:1) to give the de-
tritylated product (25 mg, 90%) as a yellowish oil. []3® —33 (¢
051, CHCls); "H NMR (400 MHz): & = 7.68-7.36 (m, 10H), 6.84 (s,
0.6H), 6.82 (s, 0.4H), 5.03-5.01 (m, 0.4H), 4.31-4.27 (m, 0.6H),
4.15 (br s, 0.6H), 3.86 (br s, 0.4H), 3.73 (s, 1.2H), 3.66 (s, 1.8H),
3.54-3.51 (m, 1H), 3.25 (s, 1.2H), 3.19 (s, 1.8H), 3.00-2.86 (m,
1H), 2.75-2.62 (m, 2H), 2.52-2.44 (m, 2H), 1.77-1.68 (m, 3.4H),
1.62-1.59 (m, 1.6H), 1.49-1.23 (m, 5H), 1.17-1.11 (m, 0.4H),
1.07-0.99 (m, 1H), 0.89-0.85 (m, 0.6H); 3C NMR (100 MHz):
6=174.4, 171.0, 143.1, 142.4, 140.2, 140.1, 135.8, 135.3, 135.2,
134.8, 128.84, 128.83, 128.2, 127.8, 127.7, 127.5, 127.20, 127.18,
127.14, 127.08, 77.2, 61.7, 59.8, 58.4, 55.7, 49.5, 494, 48.6, 48.1,
435, 42.6, 42.0, 36.7, 34.3, 34.1, 33.0, 32.9, 32.2, 30.0, 29.6, 26.2,
26.0, 25.8, 25.6; HRMS (EI) calcd for C3;H3gNs03 [M]*: 529.3053.
Found: 525.3057.

Compounds 19, 20, and 21 were similarly treated with TFA/CH,.
Cl,/TIS/H,0 (10:10:1.0:1.0, 5.5 mL) as above to yield the corre-
sponding de-tritylated products.

4.1.17. From 19: (S)-2-({[(3S,4aR,8aS)-2-(4-bromobenzoyl)-
decahydroisoquinolin-3-yl}methyl}amino)-3-(1H-imidazol-4-
yl)-N-methoxy-N-methylpropanamide

Yellowish oil; yield, 70%: [«]3® —33.9 (¢ 0.415, CHCl3); "TH NMR
(400 MHz): § = 7.66 (s, 0.6H), 7.56-7.53 (m, 2H), 7.38 (s, 0.4H), 7.32
(d,] = 8.4 Hz, 1.2H), 7.19 (d, ] = 8.4 Hz, 0.8H), 6.83 (s, 0.6H), 6.81 (s,
0.4H), 4.97-4.95 (m, 0.4H), 4.26-4.22 (m, 0.6H), 4.00-3.98 (m,
0.6H), 3.85-3.84 (m, 0.4H), 3.72 (s, 1.2H), 3.66 (s, 1.8H), 3.56~
3.53 (m, 0.6H), 3.35 (dd, /=134, 3.8 Hz, 0.4H), 3.24 (s, 1.2H),
3.20 (s, 1.8H), 2.99-2.83 (m, 2H), 2.71-2.60 (m, 2H), 2.54-2.41
(m, 2H), 1.77-1.58 (m, 4H), 1.51-1.33 (m, 1H), 1.30-1.17 (m,
5H), 1.05-0.80 (m, 2H); '3C NMR (100 MHz): §=174.3, 173.1,
170.2, 135.8, 135.4, 135.3, 134.7, 131.9, 131.7, 129.3, 1283,
124.2, 123.7, 77.2, 61.7, 59.7, 58.4, 55.8, 49.6, 49.4, 48.5, 48.0,
43.5, 42.6, 42.0, 36.6, 34.2, 34.0, 33.0, 32.8, 32.6, 29.9, 29.6, 26.1,
26.0, 25.8, 25.6; HRMS (EI) caled for CysH34BrNsO3 [M]":
531.1845. Found: 531.1839.

4.1.18. From 20: (S)-2-[({(3R,4aS,8aR)-2-[(1,1'-biphenyl)-4-
carbonyl]decahydroisoquinolin-3-yl}methyl)amino]-N-
methoxy-N-methyl-3-(1H-imidazol-4-yl)propanamide
Yellowish oil; yield, quantitative: [«]3® —41 (c 0.45, CHCl3); 'H
NMR (400 MHz): § =7.65-7.59 (m, 4H), 7.54 (s, 1H), 7.49-7.44
(m, 4H), 7.39-7.36 (m, 1H), 6.78 (m, 1H), 5.21-5.20 (m, 0.75H),
4.52-4.49 (m, 0.25H), 4.12 (m, 0.25H), 3.90-3.88 (m, 0.75H), 3.67
(s, 2.25H), 3.67-3.65 (m, 0.75H), 3.56 (s, 0.75H), 3.56-3.49 (m,
0.75H), 3.25 (s, 2.25H), 3.25-3.21 (m, 0.25H), 3.21 (s, 0.75H),
3.11-3.05 (m, 0.25H), 2.98-2.95 (m, 0.75H), 2.89-2.83 (m,
0.75H), 2.63-2.52 (m, 1.5H), 2.37 (dd, J=12.0, 44 Hz, 1H), 2.29
(m, 1H), 1.72 (br s, 2H), 1.62-1.41 (m, 4H), 1.30-1.22 (m, 4H),
1.19-1.06 (m, 0.75H), 1.00-0.85 (m, 1.25H); '3C NMR (100 MHz):
§=174.9, 171.6, 171.0, 1424, 1402, 135.6, 1354, 135.2, 1344,
128.9, 128.8, 127.7, 1274, 127.23, 127.16, 127.1, 127.0, 77.2,

61.7, 58.5, 55.5, 49.4, 49.1, 47.5, 42.8, 42.3, 36.9, 36.8, 35.2, 34.3,
33.1, 329, 323, 29.9, 29.65, 29.56, 29.2, 26.2, 26.0, 25.8,
25.6; HRMS (EI) caled for C3;H3gNsOs [M]": 529.3053. Found:
529.3060.

4.1.19. From 21: (S)-2-({[(3R,4aS,8aR)-2-(4-bromobenzoyl)
decahydroisoquinolin-3-yljmethyl}amino)-N-methoxy-N-
methyl-3-(1H-imidazol-4-yl)propanamide

Yellowish oil; yield, 65%: [«]3® —27.7 (c 0.96, CHCls); 'H NMR
(400 MHz): §=757-747 (m, 3H), 7.30-7.27 (m, 2H), 6.79
(s, 025H), 6.78 (s, 0.75H), 5.17-5.14 (m, 0.75H), 4.45
(dd, J=13.4, 3.4Hz, 0.25H), 3.94 (br s, 0.25H), 3.87-3.86
(m, 0.75H), 3.67 (s, 2.25H), 3.59 (s, 0.75H), 3.39 (dd, J=13.6,
32Hz, 0.75H), 3.25 (s, 2.25H), 3.21 (s, 0.75H), 3.19-3.16 (m,
0.75H), 3.07-3.01 (m, 0.25H), 2.98-2.89 (m, 1H), 2.82 (dd,
J=134, 11.8 Hz, 0.75H), 2.70-2.48 (m, 1.5H), 2.36 (dd, J=12.2,
46Hz, 0.75H), 2.30 (dd, J=11.8, 5.8Hz, 0.25H), 1.82-1.61
(m, 5H), 1.48-1.28 (m, 5H), 1.09-1.04 (m, 0.75H), 0.98-0.87
(m, 1.25H); *C NMR (100 MHz): §=174.9, 170.7, 170.2, 135.5,
135.31, 135.26, 134.5, 131.8, 131.6, 128.7, 1284, 123.8, 123.5,
77.2, 61.7, 58.4, 58.0, 55.4, 49.5, 49.1, 47.5, 47.4, 42.8, 42.7, 42.2,
36.8, 36.7, 35.1, 34.2, 33.0, 32.9, 32.3, 29.8, 29.5, 29.2, 26.1, 26.0,
25.8, 25.6; HRMS (EI) Calcd. For Cy5H34BrNsO3 [M]™: 531.1845.
Found: 531.1839.

4.1.20. (S)-2-[({(3S,4aR,8aS)-2-[(1,1'-Biphenyl)-4-carbonyl]deca-
hydroisoquinolin-3-yl}methyl)amino]-3-(1H-imidazol-4-yl)-
propanal 22

To a solution of above de-tritylated product of 18 (33 mg,
0.61 mmol) in CH,Cl, (1 mL), DIBALH (1.0 mol/L solution in hex-
ane, 1.2 mL, 1.2 mmol) was added drop-wise at —78 °C. The reac-
tion mixture was stirred for 5 min. The reaction was quenched
with CH3;0H and concentrated. The residue was dissolved in CHs.
OH and filtered through a silica gel layer. The filtrate was concen-
trated. The residue was purified by HPLC to give 22 (10.5 mg, 28%)
as a colorless oil. [¢]3® —3.2 (c 0.48, CH;OH); 'H NMR (500 MHz,
CD;0D, referenced to residual CH;0H): 6 =8.80 (br s, 1H), 7.75-
7.73 (m, 2H), 7.67-7.65 (m, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.50 (br
s, 1H), 7.48-7.45 (m, 2.5H), 7.40-7.36 (m, 1.5H), 5.13 (m, 1H),
4.82 (dd, J=8.4, 3.2Hz, 1H), 3.88-3.79 (m, 2H), 3.63-3.59 (m,
1H), 3.43-3.40 (m, 1H), 3.34 (s, 1H), 2.97 (t, J=12.6 Hz, 1H),
1.77-1.68 (m, 5H), 1.45-1.34 (m, 5H), 1.06-0.98 (m, 2H); '3C
NMR (125 MHz, CD30D, referenced to CD3OD): §=175.1, 175.0,
163.0, 162.7, 144.70, 144.66, 141.1, 141.04, 135.5, 134.86, 134.80,
129.87, 129.86, 129.00, 128.97, 128.92, 128.0, 127.9, 118.6, 95.0,
94.9, 61.3, 61.0, 50.7, 50.5, 49.6, 47.2, 47.1, 43.2, 43.1, 37.59,
37.56, 35.2, 33.5, 30.2, 26.9, 26.5, 23.1, 22.9; HRMS (ESI) calcd for
CooH35N40, [M+H]": 471.2760. Found: 471.2760.

4.1.21. (S)-2-((((3S,4aR,8aS)-2-(4-Bromobenzoyl)decahydroiso-
quinolin-3-yl)methyl)amino)-3-(1H-imidazol-4-yl)propanal 23

A title compound 23 was synthesized from the de-tritylated
product of 19 as above. Colorless oil; yield, 36%: [«]2® —1.1 (c
0.40, CH;0H); "H NMR (400 MHz, CD;0D, referenced to residual
CH30H): 6=8.72 (br s, 1H), 7.66-7.64 (m, 2H), 7.46 (br s, 1H),
741 (d, J=84Hz, 2H), 5.11-5.03 (m, 1H), 478 (dd, J=11.0,
3.0Hz, 1H), 3.85-3.75 (m, 2H), 3.47-3.39 (m, 2H), 3.26-3.24 (m,
1H), 2.96-2.84 (m, 1H), 1.78-1.54 (m, 5H), 1.43-1.22 (m, 5H),
1.07-0.93 (m, 2H); 3C NMR (100 MHz, CDs0D, referenced to CDs_
0D): 6=6=174.1,173.5,163.1, 162.6, 135.7, 13545, 135.39, 133.0,
130.39, 130.35, 130.2, 125.84, 125.78,118.8, 118.7,95.1, 94.9, 61.3,
61.0,50.64, 50.58,43.3,43.2,37.71, 37.70, 37.68, 35.25, 35.22, 33.7,
30.4,30.3, 27.0, 26.6, 23.2, 23.0; HRMS (ESI) calcd for C,3H30BrN4O,
[M+H]": 473.1552. Found: 473.1543.
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4.1.22. (S)-2-[({(3R,4aS,8aR)-2-[(1,1'-Biphenyl)-4-
carbonyl]decahydroisoquinolin-3-yl}methyl)amino]-3-(1H-
imidazol-4-yl)propanal 24

A title compound 24 was synthesized from the de-tritylated
product of 20 as above. Colorless oil; yield, 30%: [«]F ~2.3 (c
0.61, CH30H); 'H NMR (500 MHz, CD50D, referenced to residual
CHsOH): §=8.76 (s, 1H), 7.74 (d, J=6.4Hz, 2H), 7.66 (d,
J=6.0 Hz, 2H), 7.56 (d, ] = 6.4 Hz, 2H), 7.48-7.45 (m, 3.5H), 7.40-
7.37 (m, 1.5H), 5.09 (br s, 1H), 3.86-3.75 (m, 2H), 3.64-3.59 (m,
1H), 3.55-3.48 (m, 1H), 3.35-3.32 (m, 1H), 3.28-3.26 (m, 1H),
2.93-2.91 (m, 1H), 1.79-1.66 (m, 5H), 1.47-1.28 (m. 5H), 1.07-
0.97 (m, 2H); "*C NMR (125 MHz, CD;0D, referenced to CD;0D):
6=175.5, 1754, 163.1, 162.8, 145.0, 141.2, 135.7, 135.6, 134.9,
130.1, 129.2, 129.1, 128.2, 128.1, 119.0, 954, 95.1, 62.1, 61.6,
50.8, 43.2, 43.1, 37.7, 35.5, 354, 33.8, 33.7, 30.4, 27.0, 26.6, 24.5,
24.1; LRMS (ESI) caled for CyoHasN4O, [M+H]": 471.28. Found:
471.30.

4.1.23. (5)-2-({[(3R,4aS,8aR)-2-(4-Bromobenzoyl)decahydroiso-
quinolin-3-yljmethyl}amino)-3-(1H-imidazol-4-yl)propanal 25

A title compound 25 was synthesized from the de-tritylated
product of 21 as above. Colorless oil; yield, 28%: [«]5’ ~7.8 (c
0.36, CH30H); '"H NMR (500 MHz, CD50D, referenced to residual
CH30H): 6 =8.72 (br s, 1H), 7.66~7.62 (m, 2H), 7.45 (s, 1H), 7.43~
7.36 (m, 2H), 5.06 (m, 1H), 3.83-3.75 (m, 2H), 3.49-3.46 (m, 2H),
3.34-3.33 (m, 1H), 3.28-3.23 (m, 1H), 2.92-2.85 (m, 1H), 1.76~
1.58 (m, 5H), 1.44-1.26 (m, 5H), 1.06-0.93 (m, 2H); '*C NMR
(125 MHz, CD30D, referenced to CD30D): 6=174.43, 174.35,
163.1, 162.8, 135.7, 135.6, 135.3, 133.0, 130.3, 125.9, 118.8, 95.4,
95.1, 62.1, 61.6, 50.7, 43.1, 43.0, 37.7, 37.6, 354, 35.3, 33.7, 30.3,
27.0, 26.6, 24.6, 24.1; LRMS (ESI) calcd for Cy3H3BrN4O, [M+H]":
473.16. Found: 473.25,

4.1.24. (18,6R)-6-{2-[(4-Bromobenzyl)oxy]ethyl}cyclohex-3-
enecarboxylic acid 31

To a solution of 1,3-butadiene (20 wt% solution in toluene,
108 mL, 255mmol) was added (E)-ethyl 5-[(4-bromoben-
zyloxy]pent-2-enoate’ (20.0g, 63.9 mmol), and the mixture
was heated at 225°C for 60 h. After the reaction mixture was
cooled to room temperature, water was added and the whole
was extracted with AcOEt. The organic layer was washed with
1M HCl and brine, dried over Na,S0,, filtered, and concentrated.
The residue was purified by silica gel column chromatography
(hexane/AcOEt = 35:1) to give an ethyl ester of 29, (1S/R, 6R/S)-
ethyl  6-{2-[(4-bromobenzyl)oxy]ethyl)}cyclohex-3-enecarboxy-
late, (11.7 g, 50%) as a yellow pale oil. '"H NMR (400 MHz):
§=747-7.45 (m, 2H), 7.22 (d, J = 8.4 Hz, 2H), 5.65 (m, 2H), 4.43
(dd, J=18.8, 12.0 Hz, 2H) 4.14 (q, J=7.2 Hz, 2H), 3.52-3.49 (m,
2H), 2.41-2.20 (m, 4H), 2.08-2.03 (m, 1H), 1.81-1.72 (m, 2H),
1.53-1.46 (m, 1H), 1.26 (t, J=7.2 Hz, 3H); '*C NMR (100 MHz):
6=175.8,137.5, 131.4, 129.2, 125.7, 124.8, 121.3, 72.1, 68.1, 60.3,
453, 33.7, 324, 29.9, 28.1, 14.3; HRMS (EI) Calcd for C;gH,3BrOs
[M]*: 366.0831. Found: 366.0826.

The above ester (31.8 g, 86.6 mmol) was dissolved in 2 M
NaOH/THF (1:1, 100 mL). After being stirred for 15 h under reflux,
the reaction mixture was cooled to room temperature. The mixture
was acidified with 2M HCl, and the whole was extracted with
AcOEt. The organic layer was washed with brine, dried over Na,.
SO,, filtered, and concentrated. The residue purified by silica gel
column chromatography (hexane/AcOEt=3:1). The product was
dissolved in AcOEt (300 mL) and then (S)-(—)-phenylethylamine
(11 mL, 87 mmol) was added. After 12 h, the solid was collected
by suction filtration. The free acid was liberated from the salt by
treatment with 2 M HCl and extraction with AcOEt. The organic
layer was washed with brine, dried over Na,SOy, filtered and con-
centrated. The residue was purified by silica gel column chroma-

tography (hexane/AcOEt=3:1) to give 31 [7.63g 26% (50%
max.)] as a colorless oil. {a]8® +22 (¢ 0.78, CHCl3); '"H NMR
(400 MHz): 6=7.47-7.45 (m, 2H), 7.20 (d, [ = 8.0 Hz, 2H), 5.69~
5.66 (m, 2H), 444 (dd, J=17.0, 12.2 Hz, 2H) 3.56-3.49 (m, 2H),
2.47-2.20 (m, 4H), 2.12-2.07 (m, 1H), 1.91-1.75 (m, 2H), 1.60-
1.51 (m, TH); 3¢ NMR (100 MHz): 6=181.1, 137.3, 131.5, 129.3,
125.7, 124.5, 121.4, 72.2, 68.0, 44.9, 33.6, 32.1, 29.5, 27.7; HRMS
(El) caled for CygHy9BrOs [M]*: 338.0518. Found: 338.0520.

4.1.25. [(15,6R)-6-{2-[(4-Bromobenzyl)oxy]ethyl}cyclohex-3-en-
1-ylJmethanol

To a solution of 31 (7.70 g, 22.7 mmol) in THF (80 mL), EtsN
(6.4 mL, 46 mmol) and IBCF (4.5 mL, 34 mmol) were added at
—20°C. After being stirred for 15 min at the same temperature,
NaBH; (3.47 g, 91.2 mmol) and H,O (10 drops from a pipette)
was added. The mixture was warmed up to room temperature
and then the reaction was quenched with saturated aqueous NH,.
Cl. The whole was extracted with AcOEt and the organic layer was
washed with brine and dried over Na,SO,, filtered, and concen-
trated. The residue was purified by silica gel column chromatogra-
phy (hexane/AcOEt = 3:1) to give a title alcohol (5.68 g, 77%) as a
colorless oil. [a]3? +22 (¢ 0.65, CHCl3); 'H NMR (400 MHz):
§=7.48-746 (m, 2H), 7.20 (d, J = 8.4 Hz, 2H), 5.65-5.58 (m, 2H),
445 (s, 2H), 3.68 (dd, /=108, 6.4 Hz, 1H), 3.62 (dd, J=10.8,
5.2 Hz, 1H), 3.58-3.47 (m, 2H), 2.15-2.09 (m, 2H), 2.00-1.76 (m,
4H), 1.66-1.49 (m, 3H); *C NMR (100 MHz): §=1374, 131.5,
129.3, 125.8, 125.5, 121.4, 72.3, 68.7, 65.0, 39.7, 32.9, 31.1, 29.5,
26.6; HRMS (EI) calcd for CygHzBrO, [M]": 324.0725. Found:
324.0732.

4.1.26. {[(1S,6R)-6-{2-[(4-Bromobenzyl)oxy]ethyl}cyclohex-3-
en-1-yljmethoxy}(tert-butyl)diphenylsilane

TBDPS-Cl (5.0 mL, 19 mmol) was added to a solution of above
alcohol (5.66 g, 17.4 mmol) and imidazole (1.43 g, 21.0 mmol) in
CH,Cl, (50 mL), and the mixture was stirred for 8 h at room tem-
perature. The reaction was quenched with saturated aqueous NH,4.
Cl, and the whole was extracted with AcOEt. The organic layer was
washed with brine, dried over Na,SO,, filtered, and concentrated.
The residue was purified by silica gel column chromatography
(hexane/AcOEt = 30:1) to give a di-protected alcohol compound
(9.81 g, quant.) as a colorless oil. [«]3® +18.6 (c 1.74, CHCl3); 'H
NMR (400 MHz): § = 7.67-7.64 (m, 4H), 7.44-7.34 (m, 8H), 7.17
(d, J=8.4 Hz, 2H), 5.63-5.54 (m, 2H), 441 (dd, J=15.2, 12.0 Hz,
2H), 3.68 (dd, J=9.8, 5.4 Hz, 1H), 3.62 (dd, /=10.0, 6.8 Hz, 1H),
3.50-3.46 (m, 2H), 2.16-1.96 (m, 3H), 1.87-1.81 (m, 2H), 1.71-
1.68 (m, 2H), 1.48-144 (m, 1H), 1.05 (s, 9H); 3C NMR
(100 MHz): 6=137.7, 135.61, 135.60, 133.94, 133.92, 1314,
129.5, 129.1, 127.6, 125.8, 125.3, 121.2, 72.1, 68.7, 65.9, 39.6,
32.9,30.8, 29.0, 26.9, 26.7, 19.3; HRMS (FAB) Calcd. For Cs»HaoBrOs
[M+H]": 563.1981. Found: 563.1988.

4.1.27. 2-[(1R,2S)-2-{[(tert-Butyldiphenylsilyl)oxy]methyl}cyclo-
hexyl]ethanol 32

To a solution of above di-protected alcohol (9.81 g, 17.4 mmol)
in CH30H/EtOAc/saturated aqueous NaHCOs (5:5:1, 110 mL), Pd-C
(3.8 g) was added, and the mixture was stirred under a hydrogen
gas atmosphere at room temperature for 6 h. The mixture was fil-
tered through Celite and a silica gel layer, and the filtrate was dried
over Na,S0,, filtered, and concentrated. The residue was purified
by silica gel column chromatography (hexane/AcOEt = 6:1) to give
32 (6.90 g, quant.) as a colorless oil. [«]&® +12 (c 0.65, CHCl3); 'H
NMR (400 MHz): & = 7.68-7.65 (m, 4H), 7.43-7.36 (m, 6H), 3.67-
3.56 (m, 4H), 1.78-1.70 (m, 5H), 1.37-1.21 (m, 6H), 1.06 (s, 9H),
1.02-0.96 (m, 1H); 3C NMR (100 MHz): §=135.69, 135.66,
133.91, 133.89, 129.55, 129.54, 127.60, 127.57, 66.5, 61.0, 44.5,
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36.5, 35.5, 31.9, 30.0, 26.9, 26.1, 26.0, 19.3; HRMS (FAB) calcd for
Cy5H3,0,Si [M+H]": 397.2563. Found: 397.2558.

4.1.28. (S)-2-[({(3S,4aR,8aS)-2-[(1,1'-Biphenyl)-4-
carbonylldecahydroisoquinolin-3-yl}methyl)amino]-3-(1H-
imidazol-4-yl)propanal 40

Title compound was prepared from 32 according to the same
procedure®* employed for the synthesis of 22 starting from enan-
tiomer mixture 7. Colorless solid; yield, 30%: [«}g® —4.3 (c 0.83,
CH;0H); 'H NMR (500 MHz, CD;0D, referenced to residual CHs_
OH): 6=8.81 (br s, 1H), 7.75-7.73 (m, 2H), 7.67-7.65 (m, 2H),
7.58 (d, J = 8.0 Hz, 2H), 7.51 (br s, 1H), 7.48-7.45 (m, 2.5H), 7.40-
7.36 (m, 1.5H), 5.14-5.13 (m, 1H), 4.81 (dd, J=9.8, 2.6 Hz, 1H),
3.89-3.80 (m, 2H), 3.63-3.59 (m, 1H), 3.44-3.39 (m, 1H), 3.34 (s,
1H), 2.97 (t, J =12.6 Hz, 1H), 1.82-1.62 (m, 5H), 1.45-1.28 (m,
5H), 1.09-0.89 (m, 2H); *C NMR (125 MHz, CD50D, referenced
to CDsOD): 6=175.24, 175.17, 163.2, 162.8, 144.9, 144.8, 141.21,
141.20, 135.6, 135.03, 134.97, 130.1, 129.22, 129.18, 129.12,
128.2, 128.1, 118.98, 118.95, 95.0, 94.9, 61.3, 60.9, 50.73, 50.69,
49,8, 47.1, 47.0, 43.33, 43.30, 37.8, 37.7, 35.4, 33.7, 304, 27.0,
26.6, 23.1, 22.9: HRMS (ESI) Calcd. For C,gHzsN4O, [M-+H]*:
471.2760. Found: 471.2765.

Compounds 41, 44, and 45-49 listed in Table 1 were similarly
prepared as above.

4.1.29. Compound 41

4.1.29.1. (S)-2-({[(3S,4aR,8aS)-2-(4-Bromobenzoyl)decahydro-
isoquinolin-3-yljmethyl}amino)-3-(1H-imidazol-4-yl)-
propanal 41.  Colorless solid; yield, 23%: [«] —0.64 (c 0.88, CHs.
OH); "H NMR (400 MHz, CD;0D, referenced to residual CH3OH):
5=8.80 (br s, 1H), 7.65-7.63 (m, 2H), 7.49 (br s, 1H), 7.42 (d,
J=8.4Hz, 2H), 5.11 (m, 1H), 4.81-4.78 (m, 1H), 3.86-3.78 (m,
2H), 3.47-3.34 (m, 2H), 2.97-2.91 (m, 1H), 1.75-1.60 (m, 5H),
1.42-1.24 (m, 5H), 1.04-0.96 (m, 2H); '3C NMR (100 MHz, CD;0D,
referenced to CD;0D): 6 =174.2, 174.1, 163.2, 162.8, 135.6, 135.44,
135.39, 132.9, 130.40, 130.36, 130.0, 125.8, 125.7, 119.0, 118.9,
95.0, 94.9, 61.2, 60.8, 50.64, 50.60, 43.24, 43.22, 37.69, 37.66,
35.25, 35.23, 33.7, 30.4, 30.3, 27.0, 26.6, 23.1, 22.9; HRMS (ESI)
caled for Co3H3oBrN,O, [M+H]": 473.1552. Found: 473.1546.

4.1.30. Compound 44

Colorless solid; yield, 31%: [«]2® —1.62 (c 1.23, CH30H); "H NMR
(500 MHz, CDs0D, referenced to residual CH30H): § = 8.75 (s, 1H),
7.75 (d, J= 8.0 Hz, 2H), 7.66 (d, J = 7.2 Hz, 2H), 7.57 (d, ] = 8.0 Hz,
2H), 7.47-7.45 (m, 3.5H), 7.40-7.37 (m, 1.5H), 5.09 (br s, 1H),
3.80 (m, 2H), 3.66-3.63 (m, 1H), 3.51 (m, 1H), 3.26 (m, 1H),
2.93-2.91 (m, 1H), 1.77-1.68 (m, 5H), 1.45-1.35 (m, 5H), 1.07-
0.97 (m, 2H); 3C NMR (125 MHz, CDsOD, referenced to CDs0D):
§=175.5, 175.4, 163.2, 162.8, 144.9, 141.2, 135.6, 135.5, 134.9,
130.1, 129.2, 129.1, 128.2, 128.1, 119.1, 95.2, 95.0, 62.0, 61.4,
50.8, 43.12, 43.10, 37.73, 37.69, 35.5, 35.4, 33.7, 304, 27.0, 26.6,
244, 23.9; HRMS (ESI) calcd for CagHasN4Oo [M+H]": 471.2760.
Found: 471.2756.

4.1.31. Compound 45

Colorless solid; yield, 30%: [«]&® —6.1 (c 1.0, CH;0H); '"H NMR
(500 MHz, CDs0D, referenced to residual CH30OH): 6 =8.82 (br s,
1H), 7.65 (d, J= 8.4 Hz, 2H), 7.49 (s, 1H), 7.40 (d, J = 8.0 Hz, 2H),
5.06 (m, 1H), 4.83 (m, 1H), 3.86-3.76 (m, 2H), 3.51-3.43 (m, 2H),
3.27-3.25 (m, 1H), 2.93-2.90 (m, 1H), 1.76-1.66 (m, 5H), 1.44-
1.30 (m, 5H), 1.04-0.96 (m, 2H); *C NMR (125 MHz, CD30D, refer-
enced to CD;0D): §=174.43, 174.35, 163.1, 162.8, 135.6, 135.5,
135.3, 133.0, 1304, 125.9, 119.1, 95.3, 95.0, 61.8, 61.3, 50.7,
43.03, 43.01, 37.7, 37.6, 354, 35.3, 33.7, 30.33, 30.31, 27.0, 26.6,
24.4, 23.9; HRMS (ESI) calcd for Cy3H3pBrN,O, [M+H]*: 473.1552.
Found: 4731537. Found: 4731537.

4.1.32. Compound 46

Colorless solid; yield, 31%: [«]&° —6.7 (c 0.10, CH;0H); '"H NMR
(400 MHz, CD30D, referenced to residual CH30H): 6 =8.66 (br s,
1H), 7.79-7.73 (m, 2H), 7.64-7.55 (m, 4H), 7.48-7.45 (m, 3.5H),
7.41-7.37 (m, 1.5H), 5.19-5.18 (m, 1H), 4.77 (dd, ] = 12.6, 3.2 Hz,
1H), 3.87-3.79 (m, 2H), 3.63-3.58 (m, 1H), 3.46-3.40 (m, 1H),
3.36-3.34 (m, 0.5H), 3.25-3.23 (m, 1.5H), 2.99-2.93 (m, 1H),
1.79-1.62 (m, 5H), 1.42-1.21 (m, 5H), 1.10-0.89 (m, 2H); LRMS
(ESI) calcd for CygH35N40, [M+H]": 471.28. Found: 471.35.

4.1.33. Compound 47

Colorless solid; yield, 27% (obtained as the mixture of a diaste-
reomer derived from Pd-mediated cyclization): 'H NMR (400 MHz,
CD30D, referenced to residual CH30H): § =8.84 (br s, 1H), 7.59~
7.38 (m, 11H), 5.03 (m, 1H), 4.81 (dd, J=10.0, 2.8 Hz, 1H), 3.90
(m, 1H), 3.69-3.59 (m, 1H), 3.41 (m, 1H), 3.34 (s, 1H), 3.27-3.24
(m, 1H), 2.93-2.87 (m, 1H), 2.61-2.54 (m, 1H), 1.59-1.56 (m,
2H), 1.50 (d, J=10.4 Hz, 1H), 1.42 (d, J=12.4 Hz, 1H), 1.18-1.08
(m, 2H), 0.99-0.88 (m, 3H), 0.70-0.61 (m, 1H), 0.46-0.44 (m,
1H); LRMS (ESI) calcd for ChoH3sN4O, [M+H]": 471.28. Found:
471.35.

4.1.34. Compound 48

Colorless solid; yield, 25%: [«]3° —3.7 (c 0.15, CH30H); "TH NMR
(400 MHz, CD30D, referenced to residual CH30H): 6=8.61 (br s,
1H), 7.52-7.46 {m, 6H), 7.45-7.41 (m, 1H), 5.13-5.11 (m, 2H),
4.77 (dd, J=11.8, 3.4 Hz, 1H), 3.79-3.66 (m, 1H), 3.56-3.50 (m,
1H), 3.42-3.32 (m, 1H), 3.26-3.20 (m, 1H), 2.97-2.91 (m, 1H),
1.78-1.59 (m, 5H), 1.40-1.20 (m, 5H), 1.08-0.86 (m, 2H); LRMS
(ESI) caled for C3H3;N40, [M+H]*: 395.24. Found: 395.30.

4.1.35. Compound 49

Colorless solid; yield, 18%: [«]3° —3.6 (c 0.18, CH3;0H); 'H NMR
(400 MHz, CD30D, referenced to residual CH30H): 6 =8.68 (br s,
1H), 7.56-7.53 (m, 2H), 7.44 (br s, 1H), 7.25-7.19 (m, 3H), 5.10
(m, 1H), 4.77 (dd, J =114, 3.2 Hz, 1H), 3.84-3.75 (m, 2H), 3.52-
3.47 (m, 1H), 3.40-3.34 (m, 1H), 3.25-3.23 (m, 1H), 2.96-2.89
(m, 1H), 1.78-1.65 (m, 5H), 1.43-1.23 (m, 5H), 1.05-0.93 (m,
2H); LRMS (ESI) caled for Co3H3gFN4O, [M+H]*: 413.24. Found:
413,35,

4.2. Estimation of ICsq values

Peptide substrate [H-Thr-Ser-Ala-Val-Leu-Gin-Ser-Gly-Phe-
Arg-Lys-NH,]** (111 uM) in a reaction solution (25 pL of 20 mM
Tris-HCl buffer pH 7.5 containing 7 mM DTT) was incubated with
the R1881 SARS 3CLP™?** (56 nM) at 37 °C for 60 min in the presence
of various inhibitor concentrations at 37 °C for 60 min. The cleav-
age reaction was monitored by analytical HPLC [Cosmosil 5C18 col-
umn (4.6 x 150 mm), a linear gradient of CH3CN (10-20%) in an
aq0.1% TFA over 30 min], and the cleavage rates were calculated
from the reduction in the substrate peak area. Each ICsq value
was obtained from the sigmoidal dose-response curve (see
Fig. $1 for a typical sigmoidal curve). Each experiment was
repeated 3 times and the results were averaged.

4.3. X-ray crystallography

The purified SARS 3CLP™ in 20 mM Bis-Tris pH 5.5, 10 mM Na(l,
and 1mM DTT was concentrated to 8 mg/mL.!?> Crystals of
SARS 3CLP™ were grown at 4°C using a sitting-drop vapor
diffusion method by mixing it with an equal volume of reservoir
solution containing 100 mM MES pH 6.2, 5-10% PEG20000,
and 5mM DTT. Cubic-shaped crystals with dimensions of
0.3 mm x 0.3 mm x 0.3 mm grew within 3 days. The crystals were
then soaked for 24 h with reservoir-based solution of 100 mM MES
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pH 6.2, 5-8% PEG20000, and 5 mM DTT containing 3 mM of 40 or
44. Crystals were then transferred into a cryobuffer of 100 mM
MES pH 6.2, 10% PEG20000, 5 mM DTT, 15% ethylene glycol con-
taining 3 mM of 40 or 44, and flash-frozen in a nitrogen stream
at 100 K, X-ray diffraction data of SARS 3CLP" in complexes with
inhibitor 40 or 44 were collected at the SPring-8, beamline BL44XU
with a Rayonix MX300HE CCD detector at a wavelength of 0.900 A.

Crystals of SARS 3CLP™ in a complex with 41 were obtained by

co-crystallization using sitting-drop vapor diffusion at 4 °C and
mixing an equal volume of protein-inhibitor complex (final
inhibitor concentration of 3 mM) and a reservoir solution
containing 100 mM MES pH 6.0, 5-6% PEG20000, and 5 mM DTT.
Cubic-shaped crystals with dimensions of 0.2 mm x 0.2 mm x
0.2 mm were obtained within 3 days. Crystals were transferred
into cryobuffer with 100 mM MES pH 6.0, 6% PEG20000, 5 mM
DTT, 15% ethylene glycol, and 3 mM of 41 and then flash-frozen
in a nitrogen stream at 100 K. X-ray diffraction data were collected
on a Rigaku RAXIS VII imaging-plate detector at a wavelength of
1.5418 A equipped with an in-house rotating anode FR-E/Super
Bright X-ray generator and Confocal VariMax (VariMax HF) optics
system.

The structures of SARS 3CLP™ in a complex with inhibitors were
determined by molecular replacement using the Molrep’

* program

with a R1881 SARS 3CLP™ structure (PDB code 3AW1'%) as the search
model. Rigid body refinement and subsequent restrained refine-
ment protocols were performed with the program Refmac 5°° of
the CCP package.*® The Coot program®’ was used for manual model
rebuilding. Water molecules were added using Coot only after the
refinement of protein structures had converged. Ligands generated

on JLigand

%% software were directly built into the corresponding

difference in electron density, and the model was then subjected
to an additional round of refinement. The figures for structural rep-

resentation were generated on Pymol

% or chimera® software.

5. PDB ID codes

ATWY, 4TWW, and 4WY3.
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IOABBREMAEMBBAIZD Proteinase K ME7UAVYEHE
(PrPres)Di&H

SRR - EERETEN - BEEH
B EE BEI B, 2E o=

Detection of Proteinase K-resistant prion protein (PrPres) in mouse

neuroblastoma cells
Department of Neurochemistry, Tohoku University Graduate School of Medicine
Hiroshi Kurahashi, Yuji Sakasegawa, Katsumi Doh-ura

(&FH 2014/2/4. Bi%fEH 2014/4/4, Z¥EH 2014/4/11)
F—7— R :prion. PrPres, Proteinase K. neuroblastoma cell

B=

FHEROERE LTHRISNTWS YA VL BBZENEE URWREBRRRAETH S,
TUAYDORBRREEGT T A VEBEONFEENEL (BEL) T22EHEREEZS
nNTtws, FEREO7UVAVERABLEFHO YA VERES—RBEIEUHIC
SDS-PAGE &0 TRy 70Oy MNEERAWEBEOEREOKRETIE,. MEBEBEZXATS
CEEFTERW, 22T, EFRTUAVEREODHAZRETScHIc, EERTUAY
EHED Proteinase K ODAMRICK U THANICIENEZRT D L&, ZDENMEERE
DNENBMTH BT EE2FAT S, RETIE. TUAYDEHERICREE L TV SRS
fEEMR RO Proteinase KMTETY A Y EHE (PrPres) 2R 9 2 —EDFEZ BN
T3, COFETRESARISEQEOHLER. 1 HT PrPres ERETBHIENTE
50

A>vsO5>ay

TU AV FEBRRIRIEE (Bovine Spongiform Encephalopathy, BSE) Icf{&Rah 3
TV A VIR, EEE (EH) ERRIRINEE (Transmissible Spongiform Encephalopathy,
TSE) #5|=R29(1)e FUAVRIVIOM, M, EVI, YTR, NLART—, %
O, YH, SVIRBREOHIETRIETZZENMSNTE D, BIEEDKEREETH
%, (1o REWARENZUA VRO O40Y 7 )UK - 7179 (Creutzfeldt-Jakob
disease: CJD)ICIE 3 DDWAN B D, RERFHEOMHEAE M CID. FUAVYEREZI—NR
TEEBEGEFICEENH DI ETRELPT KARBREE CID. 7V AV DRESIC & D REE
I RESME CID Ic2EENB(1). BMELRERDOY M ZICRSY. WIThDTUAVRK
HSFREARTIVAVEREDOOAY 74 X—YaVDOEKICLZEDEEZSNTWVWS, TU
AVEABRSRERTEICEESNhTWSY, ERETEIYAVREZIISRI ST,
BERCRZIETTIVAVRZSEZERIT, —REBENPHLC VA VEREDIEERE
ERAERMNTBAEE LT, Proteinase K OIS T 2iIEEDEWEFIAT 54
ENNHBB(1). BERIUAVERE (DFEDH. 7UAYV) IE Proteinase K (X L TERS
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T Z 5D, U TIMERED S Proteinase K itfE®d PrP 9 % < &A%
AVRDZRIEIED 1 DT> TWb, —H. YU AMHRIFMIZE Neuro2A (NZa)%&iH@
7 Ay aERR S, iU THRBRICTUA Y EMHEEL TWD T U A VR

RS ARREAR CA< b TWa(2,3), flziE. 7UAVICHT2ERDAT U —
:/’7‘”\*~\ T A VIERICES T 2REERF OB THRAES N TW5 (4-8), BIER%E
T5&EDHLMTHERETHITTESH. ZLUTEHYE#HOBRICEWT, AT 2ER
B OB E RS ESRT, TUA VR ZEER T AU Yy MERKEW, KT
ld. DT A IR D PrPres Z#HT 2—EOFEEBNT 5(7.8)0

FHEEDEREA

TUAVDDLEEICE "I AV T7UAVERE,, TERE VA VEHE,. TR
EWRTUAVEHE,, Proteinase K TIMEZ U AV ERE, &HEL4HD., BELZELELP
TWDT, ZOWMTENT 2, 'TUAVERE, FEEF PRNPHI—RIDEHED
ZEITHD, —RIICPrP RIS D, 7UAVEAEIF. FICMTRCAEIBLTWS
DERZ BEBOMIETERIBE L TWS, AFNIC YA YD DL eHIcREI YT VDT
M. T7UAVERE, BEIE., BRECPREMEZERT 2D TRV, REMEDRRE
MESHDEWKRTEHREINS T7UAY) 7V AVERBOIEREENEER |- T,
EBHOT7UAVEREZERUCERT ZEANZRD, eV IDTUAVFHEA. RTL
- E—(scrapie) H5. EMIEICBIRARL, TUAVIE PrPsc &RES . EREETUA
VEREE PrPc (cellular prion protein) RS D, —A. 7Y A VEGREREMEO
BERIUAVEHEIL Proteinase K It U TiEHMEZF D> &N S PrPres
(protease-resistant prion protein) & &L S5, PrPsc & PrPres & TEFEE U 4 >
EHE, TlEHBD, PrPsc [FREMEF OB THEDLN. PrPres & Proteinase K i
EREDODRBEKTHELNTED, PrPres 3T UHRBEUEEZERT DT TIEBW,
Proteinase K [CERUENH D BN SREREREZRT TUA VIFET S EVWSIHEP, in
vitro TR U /e BB EIEHE 1d Proteinase KHERL A, 3 LB REEZE LBV E WL
SEENH B(9,10),

SRERD R

TS VR OMIENICH B PrP 32 TH PrPres & WS Z & Tld# <. PrPc
HEEEND, COMBEEF—REBENRE U, SDS-PAGE CRAIT B Z EIETERRL,
% . PrPres OH %R I B iciE. SDS-PAGE 2173 RiIICE PrP IL&F 15 PrPc
ZEDERDRTNIEE STV, ZDTsHlc, REERTIERIED Proteinase K (PK) ALIE &
HEODEEA{TS,. PrPres (& PK JLIBCc & > T N KighIfichdh, R ELF 90 7=
J BEFRELED C RigFEOMIC PK IEFEZEDeoic. N Rz R Wz PrP 5% %,
D N FRiFRIBE PrP IRFEDOHREEFHEREEFOHAREANT (PO REHERLT
WENMEIFRBETHBH.) BRICERITDEEZROLSICRD, o T, BEIMEZH
Wig< TH N RIERIEE PrP (L& 0D BE TR L. (PK AR PrPe p£iciE{btah b
ZETIEHDN, )PrPec A PK MEBTRELCUMTLENZN>Tc& ULTH PriPe (E HEH
MMCRBESNTEDBRIND, FUT. HEESD%E SDS-PAGE £V TX7>YT7OY N
fT52&T, PrPres #9252 ENTES, UEDZ &S, RERRD PKALEZY 2
A1 Ric#5h23 PK MEOEREEZKRET 2 & WS BEHRE D TIERL,. KEERD PK
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IR PrPc 9B EE 51T Tldi< . PrPres OIBRIEZ S H D H DB THH D &
WSET, o704 REHEODRE & IXER S,

RE - &=E - 5E

CO,TvFarR—F—

ZeFvERY M

FPAEL—%—

HRREEZE A (6 well) plate

AHEEROEE (FRA=D 7 20,000 x g)

SDS-PAGE Z1T35IcH e D nEiakss (BXAENE, X#BT7L—b. NT—57351)
EIRFANTVARAT7F—EKE '

AR=IVTEEBE, HDWEXIRT 4L L ERGEE

PVDF &

3MM #&

t—-7Av o Fa—7

PBS(-)

B ER (PBS(-), 0.5% NP40, 0.5% FAF>d—ILEF+ KU L)

1 mg/mL Proteinase K

0.1 M 7wvwib7 = ZJLAFILAILIRZIL(PMSF)

SDS-PAGE B> 7Ny 77— (25 mM Tris-HCI pH6.8, 1% SDS, 0.05% 7 OE7
T/ —=ITI—, 4% JUtEO—), 140 mM 2-XJLATZRNTH /=)L)

SDS-PAGE R#k&)/\wv 7 7— (25 mM Tris, 192 mM glycine, 0.1% SDS)

NSV AT77—N\v 77— (BEKR 1300 mM Tris, 20% X% ./—)l; BiE®K 2 25 mM
Tris, 20% X% /—JL; BBfRAE 25 mM Tris, 40 MM 6-7 =/ A 70OV, 20% X5/
—Jb)

TTBS (25 mM Tris-HCI pH7.6, 0.5 M NaCl, 0.05% Tween-20)
JOvFYINyT7— (5% AFALZILY in TIBS)

PR (— R IR anti-PrP antibody, ZXk#5{E)

YIRS >70Ov NFERHEE

EEROFIE ‘

1. HREH S A RRES

2. Proteinase K 03 & R0V Bt
3.SDS-PAGE £ TR4 >y 70w~
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SRERDEEH
1. fREh S AR E R

ewell 7L—hT7UAVEEFRREMEE IV 7LDy hOREE CIEEHT S, T+
vERY NNTEERE 7 AL L—Y—THRDR, B PBS #7L—hDEHNS 1 mL
A B PAEL—9—T7PBS #EUDER<, wiH/\y 7 7 —% 500 uL 1i&..
M2 EICTSEL LS ICBECEIRL Tifee B35, 1 9%, 1.5 mL Fa—7C
AR =BT %, 3,000 x g. 109, 4CTEDOT Do MHZWMSBRWVWESICLEHE
%15 mLF2—7ICEIYT %,

2. Proteinase K (PK)4L¥E
B L fe s iER 200 pl
EE—J0voFa—TICEE (A PPS
LT 1 mg/mL® Proteinase K MW — -+ glyoosy-
Z 100 FHRLU TIERE 10
Mg/mL 73 kST x.
37°C. 30 D TEAEN BRI
T30 Fa—TZXKETHH PrPres
U.ZFD#% 0.1 MPMSF %& 2 uL
MATEREM RIS ZIED D,
FDH, Fa—TaEMNEEIC
v NUTERTS 2. BR (B)
ZRM9 5, LT 20,000 x g.
20 4, A CTEbE, LiEZE
DER< - SDS-PAGE B> 7J)L Total
Ny 7 7 —7% 20 LA L T Prb
UL#EHTSZ, 5 2EEBLT
ERBEZEESIE 5,

©)
p-actin

3. SDS-PAGE &9 TRy VT
0y bk

15% IRU 72 UILTIRY
IWEESL (£, 7LFv X 1:RIL YA ih%d N2a IR S -4k
EoIIL%&EGEER) U, 10 uL o (ScN2a) Q) D PrP & &, T AV iEREE DR
TN ZEZEAULTHEEOD Y hHURUHILT T — PPS) (4) DR EHI-§E
SDS-PAGE %175, B, (MPrPres ®f&EH, L—2 1, PPS #1E&EEDIZH
AL TULVALY SoN2a #fa ; L—> 2. PPS & HEsEskrhIc

BRXE®. EIRSAMS | mmLf SoNa Mif. ZEOTIE Magichark™ Xp
VAT 7—HEBEZBWT PVDF Western Protein Standard (Life Technologies %t) &
BICEE S 2, T, PVOF B |y LS FEY A XERT ., HORTIE PrP (<4
XY/ —VERBAEY, Z | gLTnzmEouERT. B 2PP BEREORHE,
D10 DELEBEKTRIEL | (mEtEa Y kO—LE LTOE-T 5 F L O,
T KICEIZRFERE S, £/, 3MM
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H2MEBTR 1 Ic. 1 WEBERK 2 . 3MERERICEY, (TAVBEBOEIRS
ARSVRT77—EBTRBER1 22U 3IMME 2K ERNS VYR T77—EBD LI
Bl, ZOLICBBE 2 2L 3AMMIK 1 EEL, E5IC, BRAKTEEIRREICSE
7c PVDF [EZE&<, #U T, SDS-PAGE #fT-o7e7 /L2 B, REIC. BRRZZELE
SMM i 3 EENRD. SMMIE® PVDF R, TILEERZBICIEK. KENMASKBWNELS
ICEET D, BEEOEB/ITTHE. 2mA/cM’DEBHRT 40 2H5 60 4. BEETS,

EREZEHEEUREPVDFER, 7Oy >INy 7 7—hT 1 BEOTOYF Y 7%{T
5, TIBS T3 EE&ELEH & 1 XFUE anti-PrP antibody # 1 REIRIGE 3, FUL
T, TIBS T3 [EHL. 2XkihE 1 BERIGI T2, #0%, TIBS T3 EE%UL.
BEHEZHEWTPrPres O 7L EBRET S (K 1A), PrP [ZHESEBE ALY 2 BFF
BB, EFEET PrP, —EHE PrP, JO—RABTEHEE PrP @ 3 KD/\Y RHABRHE
NS EREHEE PrP (2 20kDa £ DA L/hva <\ —¥E8EANE 22 kDa, —¥E8#EE (X 28 kDa
fEIC/N> RS D, PKAWEEZY 5 & PrP @ N KigglE9 8% 517 T PK iflED
C KM% D ehic, PK RULED PrP £RICE~NNMNEWAFEICESZ (I TAB),
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Ik&EOY
T B e

WHFFREE Tk OPTI-MEM IZ 10% FBS ZINZ AR (6 well plate D356 3mL) %55
BREUVTERLTWS, 7Y A YRR OEMKRE &, MidtkoBRIc i > TR
B3N, B LF 24 BETH D, MlE 3 AMEEL CERAEEEINT 5EEE. OV
7Ty hOffia%E 8-10 fZIcFHIRLTH 2 x 10° cells/well W THEHET %, 3 HE
IEOY 7Ty SOREBICEL. 2 x 10° HOMENME S5,

HHEA AR
PKAVEA TSz, PK ZEET S L 5BEY >y 7OF77—EA Y —2MATlE
A SYAAAN

EREOER

EAEOEEZT>2HEE. MigAERICHFREFEERDIA > TWB sl Bradford &
FERATEG, HFERETE Lowry EZALTWS, REHFTIEF, 1 ox)bHD O
V7T MREOHRENSEELZF 1 mg DIEREE=IME 5N 5, 80 SDS-PAGE T
& 1T L—>&B7bh 200 ug DHRELEZFERHL T PKALE U BHEYE RIS Ui,
PrPres OBHMNEBETH B,

PrPres D&

D 5 PrPres Z&H 9 2 BN CHRESRICE A Y EREFEER OV I)LE
ERT27O0NI—ILAH 5D, HEBARERICHILIOVIIZERYT % EE9TFOIBHIYT
VIR ETR D PKALIE % 1T - o8 D PrPres OO BN REE & 125, AEEE T, [B1 A4
REFEERICTAF Y I-ILBF NV LAEFERLTWS, CORBEEERZERT ST
ET, BRFORRITARSTROFZERS TN TED, £l PKLERD PrP 1B 5
B LT <, —iRpy7aE DT algE7: 20,000 x g DT PrPres Z IR S
B2 ENTEDS,

EERDFE 2 Tld. BOEOMBRYNEZ WO T, EEERD R <BEICE > TRBRY
HEDBRWTULESHEENH D, 2T, ROBIOBERIC 100 EHR Uz glass milk
ZBULMATHERELTEIET, MBYERYP I TBIENTES,

SDS-PAGE Y > 7ILINy 7 7 —

TUAVERIC K > TEBTHEID 2-X VAT NS/ —)LEMABEWES DI RBUPT
WZEDHZDT, PrPres DIREDBWERICTIE, 2-XIVATRNIY /—ILDIEWTY
TNy 77 —E2FAULTHZDEEL, '

PVDF BEN\DiE

RUFZIZUILFIRTIVDESICK > CEEREZHET %, UARETE.EEIN 10
mm DEEIL 40 5. 1.5 mm DFEIE 60 9 TT->TWB, ~
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LAYy 70vk
LR E Tld—XHFEKIC anti-PrP monoclonal antibody SAF83 (SPI-Bio #t) % 5,000
EHERTEALTWS, . ZXFElE Anti-Mouse IgG (H+L), AP Conjugate
(Promega ft) % 20,000 &R THER L TWS, it id CDP-Star detection reagent
(GE Healthcare ) Z B U. A1 X—V 7 F IS4 F—-XE XBE 71 ILLATEREZIT>TWL
%O

2PrP tARMEIY FO—-ILOEE

PrPres DEE%TS5BICIEEPrP &Y F—F )L bO—=ILZRELT, £PrP®
BRECOEREY Y TIVEOEELETS ERWV, TUAVFEREHEOS PrP &
£ 3 PrPres DEIGIE 100%Tld/ia <. BEMEOEEIC L 50 5- 50%%51’5'(%60’)
T. 2 PrP ##8H 9 37/ ICid. PrPres UJ@H:%’C“{?'Z% UfcHBRER L D DB TRW,
SREROEM 1 TESHIMiEME®R 40 uLic, Sx > FIILNNy 7 7—% 10 uL Nz, 5
AEEHUTCEREZEE I E 2. F0%IE. EEROHM 3 CAKICE PrP 2BHT 3 (K
1B)o BRH U7X /7“I//’éEZ NUwEYZ Ny 77— (2 M glycine, pH2.8[HCI T
] [CBLT, ER. 30 00NETIHREZE IINYT, Fifcicrvy—FI)La>y NO—JLHE
DI ERIGESE T, BHEETS. YHARETIE—XITEKIC Anti- 8-Actin monoclonal
antibody (SIGMA %)% 10,000 F&HIRTERL TW3,

PrP O EEERE
TUAVERBE® AN T VEBEHEYNTI3BRE. RTFRN-ITUALF—F
(PNGase) THILT DI &WH D, HEAEHR, 1 FEHEE, 28HEOTO—-RE 3R D
TUAYERED/NY RH, PNGase THEHEZVIMT 2 2 & CTHEEHFEED 1 KD\ R(C
BR3EH. KDEEICTIAVEREDEZ Y Y LB THRIRS TE %,

7YV A VEGEREHEROAF & FERES

HAWENTT U A v iERRmiaz EH L/’Cb\%aﬁﬁ ENSAFHRETH D, 2L
BRI Z2RENEKZHEITVDENDH D, £/, AFERICKEICHBEZEBHESETEZHOF
A—TICHEZEERET DI EEHET 2, 7Y A VEFEREMEN 7Y A > (PrPres)
EFTESHRIFER TG, BAREDIEZ % &g PrPres & S1EMICH D,
PrPres AMAHARTHEERT 2NIBEZELHBEOEEICKL 2D, HEEZHEL THEH
20 EILIROMRICEHZDDEWV, TUA VI EREFIREICH DI ES K, FFT
BNAUTHET PrPres OBFEEZERTEIERWN, Fo, HEOEELZEHEL TEEHE
ETWRWI L EERI B IEHEETH S,

D PrPres O H

BEARAWICIEFSEBNULEAEERU LS BERTMAD PrPres 2 RT3 &N TE
%, LML, HEBEEOHERIEELZRD. —RHIC PKBEIEEW,, EEMEICHER, X
D PrPres OEEIIEVWD T, WU T PrPres #BBUAK THIIRY 70Oy
N TR EIBETH B,
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REBEORZE

BWIICHET 27U A Y DRERIG, BEMKEAAROEBRIEHICH > T, Z2XEE L
e AL AE=TUAVENRAA =TT 4 LRIV 2 ICHET ZDT, KERZTSIC
lE. ZFOLANIICHIGTESDRREZFERL, Z2FvrvEXRY NOFTEEZTS, 7Y
AVNCEEMUEF Y, Fa—TEDODTSRAF v 8K, 135°C. 30 DA —KTL—
TMEZIT5, BERICDWTIE, SDS DIEED 3% EICRD L3IcLTHhS, 150°C,
30 BDA—=KNIL—TNBETS, T TEYOEEEBIRINIME D RIS (SE
#)) ICEHIhTWa,

F/ SDS-PAGE Df=bDH > Z)LDnErdic, RoTFa—T7HB< DEHEIET B
HIT, Fa—TEE—70v 0 Fa—TRFERITZOHNEE LW,

SE
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Regiocontrolled Synthesis of Cellulose Derivatives
and Their Functions*!

Hiroshi KAMITAKATIARA *2

This review focuses on synthesis methods of cellulose derivatives, in particular, those of cellulose
ethers, from viewpoints of regiocontrolled introduction of protective and functional groups, published

over roughly a quarter of a century. Influence of regioselective functional groups of cellulose on per-
formance is discussed with particular focus on methylcellulose derivatives, 2-O-methyl, 3-O-methyl,
6-O-methyl, 2, 3-di-O-methyl, 2, 6-di-O-methyl, 3, 6-di-O-methyl, and 2, 3, 6-tri-O-methyl celluloses.
Synthesis methods for tri-O-alkyl celluloses (carbon numbers of alkyl chain=1, 2, 3, 4, 5,6, 7, 8, 9, 10,
12, 14 and 18), and alternatingly 2-O- and 6-O-methylated celluloses are also summarized. In addition,
regioselectively functionalized cellulose esters are described. Moreover, synthesis methods of cellulosic
block copolymers with other polymer blocks and diblock cellulose ethers with regioselective functional-
ization patterns are summarized. New insights into structure-property relationships of methylcellulose
with blocky structure to form thermoresponsive hydrogels are described in detail.

Keywords . cellulose, cellulose derivatives, regioselective functionalization, methylcellulose, diblock

copolymer,
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